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Abstract
Winching is common in small-scale forest operations, especially on steep slopes, where tractors 
cannot reach the logs inside the forest. In this case, logs are dragged to the roadside with 
tractor-mounted winches, for later collection by transportation units. Winching is a heavy 
task, posing a high physiological stress on winching crew members. The aim of this study was 
to investigate the relationship between experienced workload, work conditions and operator 
fitness. The study confirmed the assumption that fit, young operators experience a lower 
workload than older ones. Workload depends on winching direction, and it is higher when 
winching downhill than when winching uphill. Results confirmed that gravity is the main 
factor, and it has a stronger effect than task type and tool weight. Walking uphill with no tools 
is heavier than walking downhill and carrying a steel cable. As a consequence, tool weight 
reduction can only palliate the problem, without solving it. Winching crews should be com-
posed of fit, young workers. When the task is assigned to older workers, it is necessary to allow 
longer rest breaks, accepting a lower productivity.
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1. Introduction





small-scale	 forests	 (Spinelli	 and	Magagnotti	 2012).	
They	can	be	purchased	at	a	 fraction	of	 the	cost	 re-
quired	for	specialised	forest	machinery,	and	they	are	
quite	versatile,	which	allows	their	use	in	bunching,	
skidding,	 forwarding	 and	 loading	 tasks.	 Winch-
equipped	farm	tractors	can	be	used	in	steep	terrain	for	
the	extraction	of	manually	felled	timber.	In	steep	ter-
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ronmental	parameters	i.e.	site	conditions	on	the	 Fig. 1 Farm tractor with Maxwald hydraulic single drum winch




Slope, % Length, m
1 Downhill 64 50
2 Uphill 53 48
3 Uphill 66 46
4 Downhill 60 50
5 Downhill 68 47
6 Downhill 64 55
7 Uphill 54 50
8 Uphill 62 47
9 Uphill 60 50
10 Uphill 60 50
11 Downhill 58 51
12 Downhill 53 50
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2. Material and Methods
The	study	was	undertaken	within	two	different	
hauling	operation	sites	in	a	region,	where	small	forest	
owners use winches mounted on farm tractors for 
wood	 extraction.	 The	 tractor	 used	 in	 the	 test	was	

















ble,	weighting	630	g/m	to	 the	 logs	 location,	set	 the	
choker	around	one	log	at	the	time,	followed	the	log	
until the designed bunching area and released the log 
(Table	1).









































for	each	 task	 in	accordance	 to	 the	 time	study.	Rest	
Table 2 Details of the subject’s anthropometric and physiological parameters
Subject Age, years Experience, years Weight, kg Height, cm BMI HRr, bpm Hrmax, bpm VO2max
1 45 26 85 170 29.4 68 175 38
2 43 24 104 182 31.4 60 177 41
3 52 34 75 165 27.5 61 168 32
4 22 3 73 176 23.6 63 198 60
5 42 13 77 170 26.6 68 178 36
Table 3 The time study element-break down
Work element Description
Pull out Pulling out the 630 g/m line until the logs location
Hook Hooking the logs prepared on the slopes
Walk in Follow the loads back to the landing
Unhook Unhook the chokers from the logs
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Fig. 2 Box plot showing the heart rate response for each time element, direction and subject
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Y Slope Speed Uphill Speed Downhillij i ij= + + × + × + +b b b b m e0 1 2 3 
 Y Slope Speed Uphill Speed Downhillij i ij= + + × + × + +b b b b m e0 1 2 3  (Model 1)
Where:
Yij	 	prediction	of	the	heart	rate	at	the	end	of	the	















ij 0 1 2 3 i ijZ Slope Time Uphill Time Downhillb b b b m e= + + × + × + +
 ij 0 1 2 3 i ij
Z Slope Time Uphill Time Downhillb b b b m e= + + × + × + +
   (Model 2)
Where:
Zij	 	prediction	of	the	heart	rate	at	the	end	of	the	
































Table 4 Summary statistics of the data
Variable Minimum Maximum Mean SD Count
Heart rate, pull out 
beats/min
109 173 140.60 21.40 –
Heart rate, hook 
beats/min
97 160 133.7 15.8 –
Heart rate, walk 
beats/min
100 164 135.50 17.95 –
Heart rate, unhook 
beats/min
97 159 134.43 15.36 –
Slope, % 53 68 60.13 4.72 –
Speed, m/s 0.11 1.09 0.50 0.29 –
Time, hook, s 28 313 85.73 49.91 –
Time, unhook, s 21 93 48.73 14.70 –
Uphill 
Downhill
– – – –
30 
30
BMI, kg/m2 23.6 31.4 27.7 2.65 –
VO2max
mL/(kg×min)
32 60 41.6 9.41 –
Age, years 22 52 40.8 10.11 –
Variable Minimum Maximum Mean SD Count
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The	specific	intercept	of	the	HR for each time ele-




















Table 5 Estimates and standard errors for the model including 





Model »pull out« (1a)
Constant b0 128.07 20.24 6.32 <0.001
Slope b1 0.28 0.28 1.01 0.31
Speed×uphill b2 –30.97 7.18 –4.31 <0.001
Speed×downhill b3 55.27 20.61 2.68 <0.001
Subject variance 2.01 1.42 – –
Model »walk in« (1b)
Constant b0 125.66 19.49 6.45 <0.001
Slope b1 0.32 0.26 1.23 0.22
Speed×uphill b2 6.77 7.47 0.96 0.36
Speed×downhill b3 –100.19 21.43 –4.67 <0.001
Subject variance 14.90 3.86 – –







Constant b0 150.77 21.73 6.93 <0.001
Slope b1 –0.19 0.35 –0.53 0.59
Time×uphill b2 –0.19 0.04 –3.94 <0.001
Time×downhill b3 0.03 0.03 0.97 0.33
Subject variance 13.16 3.62 – –
Model »unhook« (2b)
Constant b0 73.13 15.58 4.69 <0.001
Slope b1 0.87 0.25 3.49 <0.001
Time×uphill b2 0.37 0.07 4.76 <0.001
Time×downhill b3 –0.06 0.09 –0.69 0.49
Subject variance 23.78 4.86 – –
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can slide during the drag, causing cable tension to 











(2012)	 for	winches	 equipped	with	 synthetic	 cable.	
Even	the	effect	of	speed	is	mediated	by	slope,	as	shown	






Fig. 3 Plotting the specific intercept for each subject (m) against the subjects’ physical parameters
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solution	 is	 offered	 by	mini-yarders	 (Spinelli	 et	 al.	
2010),	tong-throwers	(Bruce	2009)	or	the	newer	cable	






















Since winching is a strenuous and intense job, any 
winching	operation	would	be	more	efficient	and	safer	
if	 implemented	 by	 crews	 composed	mainly	 by	 fit	
young	workers,	while	assigning	older	or	less	fit	work-
ers	to	other	tasks	requiring	a	lighter	workload.	In	fact,	
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